We have isolated the virus from a fecal pellet in the colon of a BALB/c mouse with X-linked immunodeficiency (xid) housed in a room in which there has recently been an epidemic due to mouse hepatitis virus (MHV) and designated it as the MHV-TY strain. Sequence analysis of the MHV-TY strain was performed on major structural, spike (S), membrane (M) and nucleocapsid (N), proteins directly from PCR products. The comparison of nucleotide sequences of MHV-TY with other strains investigated so far revealed that all three structural proteins of the TY strain had some unique amino acid sequences among MHV strains which can be used as markers of this strain. Key words: mouse hepatitis virus, sequence analysis, structural proteins Mouse hepatitis virus (MHV) is one of the most common murine viruses found in laboratory mouse populations [4] . MHV primarily infects the respiratory system or the gastrointestinal tract and causes diverse diseases such as hepatitis, encephalomyelitis and enteritis depending on the strain of the virus and the status of the mice [19, 22] . Enterotropic infection is considered to be the most common form of natural infection [3] .
Mouse hepatitis virus (MHV) is one of the most common murine viruses found in laboratory mouse populations [4] . MHV primarily infects the respiratory system or the gastrointestinal tract and causes diverse diseases such as hepatitis, encephalomyelitis and enteritis depending on the strain of the virus and the status of the mice [19, 22] . Enterotropic infection is considered to be the most common form of natural infection [3] .
In one animal room in our facility there has recently been an epidemic of MHV [25] . We isolated an epidemic strain of MHV from a fecal pellet in the colon of a BALB/c mouse with X-linked immunodeficiency (xid) housed in this room, and nucleotide sequences of the major structural proteins of this strain were analyzed.
BALB/c xid mice were obtained from the Institute of Medical Science, University of Tokyo and bred in our facility for more than two years. The mice were kept in negative-pressure ventilated cabinets. All cages and bedding were autoclaved prior to use. A sterile diet and water were provided ad libitum. The animal room was maintained at 23 ± 3°C with a 14-hr light/10-hr dark cycle and 55 ± 5% humidity. We noticed MHV contamination in the room through the results of a routine serological test, although other specific pathogens were negative. Eight 1 to 5-week old mice in the room were exsanguinated after inhalation of chloroform, and tissues of the liver and the brain, and fecal pellets in the colon were taken and frozen at -80°C until use. A piece of the liver or the brain, and a fecal pellet in the colon from each mouse were homogenized in PBS at a concentration of 10%. One hundred µl of ten times diluted homogenate was inoculated on DBT cells which were originally mouse brain tumor cells [10] and routinely used for the propagation and assay of MHV [6] .
The cytopathic effect was determined after 16 to 24 hr of inoculation. Syncytium formation was observed in DBT cells inoculated with a fecal specimen from a 3-week-old mouse and epidemic MHV strain was isolated from this culture. We designated this epidemic MHV as MHV-TY strain.
The MHV-TY strain was inoculated into DBT cells. Total cellular RNA was extracted from infected cells at 16 hr post infection and 10 µg of RNA was reverse transcribed into cDNA with oligo (dT) as a primer, as described previously [23] . The cDNA transcripts (5 µl) were mixed with 2.5 U Takara Ex Taq (Takara Biochemicals), 0.25 µM dNTPs and 0.2 µM of each sense primer shown in Fig. 1 in a total volume of 50 µl Ex Taq buffer. The mixture was amplified for 30 cycles of denaturation at 94°C for 1 min, annealing at 55°C for 1.5 min, and elongation at 72°C for 2 min. The amplified samples were electrophoresed on a 1% agarose gel and bands of expected lengths were purified from agarose gel with a QIAquick gel extraction kit (Qiagen). Sequence analysis of PCR products was performed by a dideoxy termination labeling method (Thermo Sequenase with dyeterminator sequencing kit v2.0, Amersham Pharmacia Biotech) according to the manufacturer's instruction (Applied Biosystems, GENESCAN Model 377). Sequencing oligonucleotide primers were synthesized to fit every 400 to 500 bases in both directions of genomic and complementary sense.
The S protein of the TY strain consisted of 1,362 amino acids (the sequence data were deposited with the GenBank Database under Accession No. AF190406). The deduced amino acid sequence was compared to that of other MHV strains. In many MHV strains nucleotide deletion occurs in a hypervariable region in the S1 subunit resulting in variation in the length of the S protein [17] . Fifteen amino acids were deleted in the TY strain compared with the longest JHM-cl2 and RI strains. Among these deleted amino acids, 12 amino acids were located in the hypervariable region ( Fig. 2 ) and three additional amino acids were deleted from the S2 subunit. Amino acid sequences of the S protein of the TY strain were most homologous to the Y strain (1,311 amino acids, 96.25% matching). Twenty-seven amino acids were unique in the S protein coding region of the TY strain among MHV strains investigated so far (Table 1 and Fig. 2, underlined) . The S proteins of many MHV strains have been reported to be cleaved into the S1 and S2 subunits by a trypsin-like protease of host cells just behind the basic amino acid cluster located around the middle of the S protein (Fig. 2 , ar- row) [13] , although the S proteins of MHV-2 and DVIM are not cleaved because of their replacement of amino acid sequence just around the cleavage site [14, 24] . The S protein of the TY strain had suitable sequences for protease recognition and we confirmed that the S protein of the TY strain was really cleaved by Western blot analysis (data not shown). The M protein of the TY strain consisted of 229 amino acids (Fig. 3) . The M proteins of most MHV strains have only O-linked glycosylation at the hydroxylamino acid cluster of positions 2 to 5 (SerSer-Thr-Thr) [9] . Although Thr at position 4 was replaced by Ser in the TY strain, O-linked glycans were considered to be attached to the TY strain like other MHV strains, because Thr at position 5 and Pro at position 8, which have been reported to be important for O-linked glycosylation [5] , were conserved in the TY strain. Although the amino acid sequence of the M protein does not vary much among strains, the TY strain contained 5 unique amino acids (Fig. 3, underlined) among MHV strains investigated so far.
The N protein of the TY strain consisted of 456 amino acids (Fig. 4) . The N protein has been investigated on 10 strains and varies more than the M protein. Although some strains have amino acid deletions in the N protein, no deletion was observed in the TY strain. Twelve amino acids (Fig. 4, underlined) were unique to the TY N protein compared with other 10 MHV strains. 
*The amino acid number was based on the TY strain. Comparison of the deduced amino acid sequences of the MHV-TY with those of other strains investigated so far revealed that all three structural proteins of the TY strain had some unique amino acid sequences among MHV strains. Each MHV strain also has own unique sequences specially in the S1 subunit and the N coding regions. These unique sequences can be used as markers of each strain, but nucleotide mutations occur easily in these two regions in persistent infection [1] . Some of them would be silent, but some result in changes in amino acids. It is therefore possible that quasispecies with changed marker sequences exist during an epidemic. In that case, the information obtained by nucleotide analysis of an epidemic strain is limited to identifying the most closely related strain.
This epidemic strain named TY was isolated from a fecal pellet of a BALB/c xid and not from the liver or the brain. There was no pathological observation in BALB/c xid mice. We also kept A/WySnJ mice with severe B cell deficiency in the room in which an MHV-TY outbreak occurred. The MHV virus gene was detected in the feces of 20 A/WySnJ mice out of 37 [25] . Although pathological changes, focal necrosis and chronic hepatitis were observed in the liver of some A/WySnJ mice, the MHV virus was not detected in the liver. Further investigation is required to determine the biological features of the TY strain.
When an animal facility suffers an epidemic of MHV, it is important to find out from where MHV has entered the facility. Nucleotide sequence analysis of the epidemic strain could give information as to which strain the epidemic strain is closely related and also provide a clue to the source of the outbreak. For this purpose, it is necessary to accumulate nucleotide sequence data on MHV epidemic strains.
